Abstract. Stable isotope data for carbon ( 13 C) and oxygen ( 18 O) are used to constrain the environments of calcite formation in two veins in the El-Seboah peralkaline granite in south-western Egypt. Vein I with calcitemagnetite-goethite-hematite-quartz, and vein II with calcite-magnetite-goethite-kaolinite-hematite-quartz are texturally distinct. The calcite of each vein has characteristic  13 C-and 
Introduction
Stable isotope data ( 13 C and  18 O) are presented for calcite occurring in two small, distinctive veins from the El-Seboah peralkaline granite. The first, vein I, is massive, coarse-grained and consists of milky quartz, red-colored iron oxide crystals with some carbonates. The second, vein II, is porous, fine grained and consists of quartz, violetcolored iron oxides, clay and carbonates. Both veins display enriched total gamma-ray radiation (up to three orders of magnitude more than the host granite), with vein I having high radiation counts. The radioactivity in the area is due mainly to thorium and, to a lesser extent, uranium (Hassan 2005 (Hassan , 2009 (Hassan , 2010 . The nearest carbonate outcrop to the site of the veins is Sinn el-Keddab plateau ~ 80 kilometers to the north (Fig. 1) . The ground water in the region forms part of the so-called Nubian aquifer. At present, rains occur only every three to four years in this region (Said 1969) . Samples of both veins were collected in the field and studied in the laboratory. The study included the identification of minerals and textures, and stable isotope analysis of carbonate. The aim was to establish the nature of carbonate present. As a consequence, it has been possible to trace the water-and carbon sources from which the carbonate derived. Carbonate stable-isotope data have been used as paleoenvironmental indicators in both sedimentary basins (e.g. Shemesh et al. 1992 ) and igneous systems (e.g. Larson, Tullborg 1984; Tullborg 1989; Drake, Tullborg 2009; Sandström, Tullborg 2009 ).
Host rock
The El-Seboah peralkaline granite, a suitable environment for uranium, thorium, relatively rare-and rare elements, is a pear-like intrusion rising above the Nubian sand in the south Western Desert, Egypt. It is a homogeneous body consisting mainly of quartz, feldspars and aegirine cut by occasional peralkaline dykes. It may be classified as one of the so-called "g  " granites, a type of quartz syenite and granitoid having a peralkaline tendency that is common in ring complexes and dike-like intrusions dating from the end of Precambrian to the Paleozoic in Egypt (List et al. 1989) . The El-Seboah granite contains several zones of fractures of which most strike north-east (Hassan 2005) . The fracture zones are filled with pockets of hematite-goethite-aegirine-quartz displaying anomalously high levels (< 1800 counts per second) of total field gamma-ray radiation though lacking any obvious radioactive mineralization. The radiation is, in fact, due to thorium and, to a lesser extent, uranium. The radioactive elements reside in trace mineral phases and in iron compounds (Hassan 2005) . These radioactive pockets are highly oxidized, with ferric ironto-total iron ratios of ~ 95-99.7% (Hassan 2010) .
Analytical methods
The vein samples were examined by optical microscopy, and by X-ray diffraction (XRD) using a Philips diffractometer (type PW 1399) with Co-K  radiation ( = 1.79 Ǻ). For determination of carbonate oxygen and carbon isotope ratios, aliquots of the bulk samples were reacted with 100% H 3 PO 4 and the evolved CO 2 purified in a high-vacuum gas-transfer system, USA. The ratios were determined using a Finnigan isotope ratio mass spectrometer (IRMS) at the Stable Isotope Laboratory, University of Michigan. Results are reported in delta () notation in units per mil (‰) relative to the Vienna Pee Dee belemnite (V-PDB) carbonate standard. Measured precision was maintained at better than ± 0.1‰ V-PDB for both ratios.
Results and discussion
Vein I samples are composed mainly of quartz and opaque minerals (mainly iron oxides) with minor carbonates (Fig. 2a, b) . Quartz occurs as medium-to coarse-grained anhedral interlocking crystals displaying sutures and wavy extinction, in granular mosaics and in micro-veinlets of cryptocrystalline quartz. Iron oxides present as long prismatic crystals and as rhombs (pseudomorphs of pyroxene) usually include carbonates along fractures and in cavities. Vein II, on the other hand, is characterized by spherulitic texture (Fig. 2c) . The spherulites are fine-to medium sized, composed mainly of quartz and clay in radiating forms. Opaque minerals (mainly iron oxides) and carbonates are also seen. The iron oxides occur as aggregates of fine-spheres following the radiating forms. The carbonates occur as fine anhedral forms and have a high birefringence (Fig. 2d) . Finegrained quartz crystals occupy the spaces between spherulites.
In addition to the major minerals quartz and hematite, and kaolinite (in vein II only), calcite, goethite and magnetite were identified as minor phases by XRD. Representative examples of XRD patterns with mineral identifications are given in Figure 3 . The identified calcite has major diffraction peak values of 3.035 Ǻ which according to others (e.g. Goldsmith et al. 1961 ) indicate little if any magnesium substitution. Calcite low in magnesium tends to be chemically stable. This implies that the low-Mg carbonates in the veins are probably yielding unchanged isotopic compositions reflecting initial depositional conditions.
Vein-calcite carbon and oxygen isotopic compositions are plotted in Figure 4 along with isotopic compositions for tufa deposits, marine carbonates, recent land snail shells from the Sinn el-Keddab plateau (Hassan 2006 (Hassan , 2012 . The data indicate two distinct groups in which the calcite of each vein has a characteristic isotopic composition. Vein I differs by ~ 0.8‰ V-PDB in  Carbon isotopes in carbonate are related to the isotopic composition of the dissolved inorganic carbon (DIC) from which the carbonate derived. Carbon in primary carbonates formed from a uniform DIC at the atmosphere-surface water boundary varies only slightly in its isotopic composition; most cases lie range  13 C range = 0 ± 4‰ PDB (e.g. Craig 1953 ).
Deviations from this range towards strongly negative  13 C values are thought to be formed from DIC released from various sources, including but not limited to, magmatic assimilation, metamorphism (Kontak, Kerrich 1997; Negga et al. 1986; Ripley, Taib 1989) , aerobic metabolism, and oxidation of methane (e.g. Clayton 1994 ). Deviations towards strongly positive  13 C values in carbonates have been attributed to processes such as fermentation of organic acids, CO 2 reduction and excessive evaporation (e.g. Clayton 1994 ). Thus, the  13 C for the vein I calcite (ranging from 0-0.46‰ V-PDB ; average 0.32‰ V-PDB ) and for vein II (ranging from 0.94-1.32‰ V-PDB ; average 1.16‰ V-PDB ) suggest contrasting primary carbon sources. These  13 C differences could be intrinsic compositional features reflecting different sources. They could also result from the influence of temperature on the partial pressure of carbon dioxide (pCO 2 ) in the waters (i.e. higher pCO 2 in cold water). Systematic differences in  13 C of < 1.16‰ V-PDB in vein calcite have been attributed to fractionation during CO 2 release from the vein-forming solution (Shemesh et al. 1992) .
Oxygen isotope ratios in carbonate reflect both temperature and the isotopic content of the source water. + H 2 O 16 equilibrium system can be described as follows (Craig, Gordon 1965) :
where  C is the delta of carbonate relative to the V-PDB standard and  W is the delta value relative to the Vienna Mean Ocean Water standard (V-SMOW) of the water in which the carbonate precipitated. In order to use this equation for estimating paleotemperatures based on the vein 
18
O values (Fig. 4) , an additional assumption about the isotopic composition of the source water at the time of calcite formation is required. Unfortunately, isotope analysis of water inclusions from the samples studied, which would have given a better picture of the paleohydrologic parameters, was not possible. However, if it is assumed that temperature was the dominant factor in the observed 
O variations (Fig. 4) and that the mineralizing waters were isotopically similar to those of the Nubian aquifer ( 18 O = -11.1‰ V-SMOW ; Sultan et al. 1998) (Kontak, Kerrich 1997) . In contrast, carbonates precipitated from fresh waters usually have negative 
O values from ~ -2.5 to -17.5‰ PDB depending, e.g. on the composition of source rocks and water inputs, open-or closed basin situation, evaporation rate, etc. (Clayton, Degens 1959 (Truesdell, Hulston 1980) . As shown in Figure 4 , the calcite of veins I and II is enriched in 13 C relative to tufa-and land-snail carbonates from the Sinn el-Keddab plateau. The tufa, in spite of 13 C depletions due to organic inputs, could be related to a carbon source similar to that of the vein calcite. The 
O values for vein 1 calcite are somewhat similar to those of both tufa-and land-snail carbonates. These similarities suggest water sources common to all. Tufa deposition is believed to have occurred at ambient temperatures from mineralizing springs derived from perched aquifers within the plateau which comprises a Tertiary succession of marine carbonates (Hassan 2012) . The source water for the land snails on this plateau is rain (Hassan 2006) .
Conclusions
The two types of vein calcite studied have carbon-isotope compositions within the range of primary carbon and could be related to a carbon source from the Sinn el-Keddab plateau. Calcite oxygen-isotope compositions, on the other hand, indicate low-temperature waters ranging from fresh (vein I) to slightly saline (vein II). These oxygen compositions, particularly those of vein I calcite, are consistent with formation from mineralizing waters isotopically similar to those of the Nubian aquifer or to modern rain.
